The free vascularized fibular graft (FVFG) to the tibia was first described by Taylor et al in 1975. 1 Since then, the operation has evolved to include transfer of adjacent muscle, and in 1983 Chen and Yan described an osteocutaneous flap. 2 These advancements have provided a limb-sparing option to those patients once destined for amputation. Indications for these procedures now include trauma, chronic osteomyelitis, wide resection of malignant tumor, and pseudoarthrosis of long bones. 3
healing time, faster functional recovery and fewer complication rates, making them the treatment of choice for large tibial defects. 2 Due to high complication rates from nonvascularized bone grafts to large defects, tibial defects greater than 6 cm generally require microvascular bone grafts. The fibula has many advantages for use as a donor vascularized bone graft to the tibia. It is a compact bone, making it suitable for weightbearing and can provide a graft up to 20 cm of length, if desired. Additionally, the peroneal vessels are relatively large and easy to anastamose. 4 Furthermore, the pedicle runs the length of the fibula so the entire graft can be taken with one pedicle. This holds true for the fibula alone, and for an osteocutaneous or osteomusculocutaneous graft. The blood supply to the skin and adjacent muscle comes from the musculocutaneous branches of the peroneal artery. The vascular anatomy, pedicle length, and bone length provide the graft with great versatility. When tibial defects are small, the harvested fibula can be folded on itself in the so-called "double-barrel" technique, preserving the vascular pedicle, and adding structural support. Surgeons have the option of harvesting both fibulas to cover a single defect. 5 There are multiple methods of harvest and inset that can be utilized when reconstructing the lower extremity with a vascularized fibular graft. Beris et al describe the common approaches. 6 If longitudinal growth is still desired in a child, the proximal fibula with epiphysis can be harvested. An anterior approach is taken with the anterior tibial artery and branches of the pedicle. This flap has been successful for both proximal femur, as well as humeral and distal radial reconstructions. 7, 8 When the defect only includes the cortex, the fibular graft can be used as an onlay graft. This method has been utilized in instances of radiation induced long-bone fractures. With this technique, the fibula is osteotomized along its longitudinal axis with the length being dependent on the defect.
In 1993, Capanna et al described the hybrid graft, combining a bone allograft in addition to the vascularized fibula graft. This hybrid graft proved to be more structurally competent and has demonstrated excellent results following massive bone resection often required with malignancy of the lower extremity. This technique takes a lateral approach and uses the peroneal artery as the pedicle. This peroneal pedicle provides both endosteal and periosteal branches, maintaining flow to the medullary canal as well as the cortex. 9 Unlike the earlier described proximal fibular graft containing the epiphysis, this graft spares at least 6 cm both proximally and distally to maintain knee and ankle stability of the donor leg. After medullary reaming of the bony allograft, the donor fibula graft is placed in the allograft intramedullary canal. This hybrid graft can now be used to bridge the long-bone defect. 10 Excellent results have been seen with diaphyseal defects of the tibia and femur. However, this technique may not be applicable to distal tibial and ankle defects.
Traditionally, the FVFG has been reserved for head and neck reconstructions. More recently, with the advent of the previously described techniques, midshaft tibia and femur defects can now be reconstructed. However, complex frac-tures of the tibio-talar joint with bone and soft tissue defects cannot be reconstructed using conventional methods. For this reason, surgeons have not opted for a vascular tissue transfer to the ankle joint in cases of trauma or osteomyelitis.
The use of FVFG for proximal and midshaft tibial reconstruction is well documented in the literature. There are multiple techniques available, each with their own indications. In this case, we describe a novel modified technique used for distal tibia and ankle arthrodesis. To our knowledge, there are no reports of distal tibial defect bridging combined with ankle arthrodesis using this technique. The purpose of this case report is to demonstrate the osteocutaneous fibular free flap as a viable option for these patients as well.
Case Presentation Patient Background and Initial Wound Management
The patient was a 39-year-old otherwise healthy man who sustained a right distal tibial pilon fracture after a fall from a balcony. He was treated at an outside institution with open reduction and internal fixation. His postoperative course was complicated by hardware infection and wound breakdown requiring several debridements and courses of antibiotics. The patient presented to our practice for further management of his wound.
Upon examining the infected wound with exposed hardware, the patient was admitted to the hospital, started on broad-spectrum antibiotics, and seen by the orthopedic service. Plain films of the ankle (►Fig. 1) revealed nonunion of the distal tibia. The patient was taken to the operating room in conjunction with the orthopedic service for hardware removal and staged debridements. The metaphyseal area of the distal tibia was found to be largely necrotic, leaving a 12 cm segmental defect in the distal tibia including the talus. The patient was treated for 3 months with antibiotic impregnated beads and an external fixator (►Fig. 2).
Preoperative Discussion and Imaging
Given the extent of resection of the distal tibia and ankle, the patient was offered two treatment options from the multidisciplinary team consisting of plastic surgery and foot and ankle teams. He was offered a below-knee amputation with prosthetic limb fitting or a vascularized bone graft reconstruction for limb salvage. After 3 months of antibiotic bead treatment in an external fixator, the patient opted for reconstruction with an osteocutaneous FVFG. Preoperative computed tomography angiography showed patent 3 vessel runoff in both legs.
Surgical Technique
The contralateral leg was chosen for the harvest site of the fibular free flap. The donor leg landmarks were identified (►Fig. 3) including identification of soleal and septal perforators. The dissection was carried down to the lateral septum where a single proximal septal perforator was present and a soleal perforator was spared to optimize blood supply to the skin island. The fibula was marked for osteotomy approximately 6 cm from the ankle joint and a similar distance from the knee to preserve joint stability. The bone was osteotomized using an oscillating saw, and the osteocutaneous free flap was isolated with preservation of the peroneal pedicle (►Fig. 4).
Next, attention was turned to the recipient leg designated for reconstruction. Approximately 60 mL of bone graft was harvested from the ipsilateral proximal femoral shaft and stored for later use. The distal tibia was decorticated, the intramedullary canal was curetted, the talar dome was debrided and the defect area was irrigated with 6 L antibiotic impregnated pulse lavage solution. After removal of the cartilage from the talar dome, a 12 mm diameter by 8 mm deep docking whole was created in the central portion of the talar dome. The distal end of the tibial shaft was cored out creating a 12 mm intramedullary channel for fibular graft insertion (►Fig. 5). The proximal portion of the FVFG was beveled and impacted into the tibial shaft intramedullary canal. The distal portion was then impacted into the docking site in the talar dome. The recipient anterior tibial vessels were selected and prepared for microanastomosis. The donor fibular graft pedicle was divided and the bone appropriately aligned.
The reamed femoral bone graft was then placed around the fibular graft to further augment healing. A medial distal tibial plate, reshaped to a 90 degree L-shaped plate, was used to obtain internal stabilization for the fusion (►Fig. 6, 7). The tibial diaphyseal region was rigidly affixed to the plate with bicortical screws, while cancellous screw fixation was obtained distally into the remaining talar head, neck, and body.
Attention was then turned to the arterial anastomosis of the peroneal and anterior tibial vessels. The arterial anastomosis was performed using a double opposing disposable bulldog clamp system with 8-0 nylon sutures. The venous anastomosis was performed using a 2.5 venous Synovis coupler. The donor leg wound was partially closed, a vacuum assisted closure dressing was placed, and a posterior splint was applied. Final external stabilization was obtained on the reconstructed limb utilizing a Taylor Spatial stereotactic external fixator (►Fig. 8). This was used to obtain compression osteosynthesis through maximal compression and rigid stabilization across the tibial nonunion and ankle fusion sites, while still allowing access to, and visualization of the vascularized myocutaneous portion of the graft. 
Outcome to Date
The patient was placed on a full-dose aspirin and heparin drip for 48 hours following surgery, and transitioned to therapeutic Lovenox for history of pulmonary embolism. A splitthickness skin graft was applied to the donor harvest site on postoperative day 5. He returned to the hospital 1 month postoperatively with some wound breakdown and was treated with hyperbaric oxygen therapy to accelerate healing. The wound healed completely, and computed tomography scan confirmed successful bone fusion (►Figs. 9 and 10), at which point the external fixator was removed.
Discussion
Reconstruction of the distal tibia with ankle involvement is a challenging operation for orthopedic and plastic surgeons. Unfortunately, below-knee amputation has been the standard of care with massive tissue defects involving the ankle joint. Surgeons and patients are often faced with the difficult decision of reconstruction with limited options versus amputation. Both options have their limitations, but many patients prefer a limb-sparing option and have better satisfaction with a reconstruction. 11 Modern prosthetic devices can restore significant function, but are not without significant drawbacks. Endoprosthetics for lower extremity defects have relatively high infections rates, and long-term use can lead to functional decline. 12 The ankle joint is complex both anatomically and functionally. Injuries requiring large resection of the tibia often lead to structural and functional compromise. It is our belief that advancements in surgical technique can minimize these deficits. In the setting of significant bone loss, ankle arthrodesis can be remarkably difficult. Green and Roesler assessed the outcomes of pilon fractures complicated by infection. Previous attempts with extensive bone grafting to fill these defects resulted in long-term external fixation and often a pseudoarthrosis. Less than half (6 of 13 patients) had a successful union, and of these, all of them had stiff ankles and dystrophic skin around the distal tibia. 13 Current literature shows an emerging roll for the FVFG as a reconstructive tool. We have seen great success as a structural replacement for long bones in the extremities. The various methods for harvest makes this flap a very attractive option for large, complex defects. In a recent case series, Roukis and Kang reported outcomes of tibiotalocalcaneal fusion with vascularized fibular onlay graft augmentation. They demonstrated successful augmentation of previous failed fusion using intramedullary fixation with ipsilateral vascularized fibular graft in the setting of significant bone loss and poor soft tissue quality. 14 However, this technique relies on the intramedullary nail for arthrodesis and support.
In the case described, we present a patient also with a large, complex lower extremity defect which was reconstructed without the use of an intramedullary nail. To date, we have not encountered any reports of this technique for a massive bony defect involving the distal tibia and ankle joint. With this case, we present a novel and unique approach to these defects.
Previously described techniques for the FVFG have not spanned a joint in this manner. With successful union of the fibular graft to native talus, we are able to further demonstrate the versatility and reliability of this graft. It is our goal to show that these complicated ankle injuries with large defects should always be evaluated for a possible reconstruction.
While this report has been a success, we do acknowledge some limitations in this technique. Similar to all fibular transfers, length can be a limiting factor. When defects extend from the lower leg to include the ankle, length of the graft and/or length of the pedicle could become limiting. Furthermore, adequate bony material is required proximally and distally. Our patient had substantial remaining talus and was thus an adequate site for union. Traumatic injuries and malignancy can be unpredictable and establishing an adequate bony bed for distal union could be difficult or impossible.
Conclusion
Large tibial and ankle defects can be very difficult for orthopedic and plastic surgeons. We are lacking a reconstruction technique that completely restores structure and function of the joint. However, the FVFG has provided options beyond that of amputation. It is our recommendation that even joint involving defects now be evaluated for a reconstructive option. With careful patient selection, we believe the technique described can reduce the need for amputation.
